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Photogenerated charge carriers travel in vertical directions to be collected in a standard CIGS solar cell (Fig. 1a) . Mesh TCE based CIGS solar cells have shown comparable to or even better performance than standard CIGS solar cells [1e3] . Mesh TCE based CIGS solar cells necessarily need lateral motion of charge carriers in the empty space of the mesh TCE [4] . In addition, although a CdS layer covers the CIGS whole surface in a standard CIGS solar cell, it is not the case for mesh TCE based CIGS solar cells. As shown in Fig. 1b and c, the CdS layer can be formed either on the CIGS whole surface or on the only overlapped region of the CIGS and a mesh TCE [5] . The presence or absence of the CdS layer in the empty space of the mesh TCE alters the traveling paths of photogenerated electrons as shown in Fig. 1b and c [4, 6] . The knowledge on the effect of the CdS layer on the lateral collection length of the carriers, which can be determined from the lateral photocurrent values, will be helpful to properly design mesh TCEs depending on CIGS device structures (Fig. 1b and c) . Therefore, the lateral photocurrents were measured for the two CIGS test structures as shown in Fig. 2a and b. One is a CdS/CIGS/Mo planar stack with a disk-shaped Al/Ni top contact. The other one is a CIGS/Mo planar stack with a disk-shaped Al/Ni/ CdS top contact. In order to measure lateral photocurrents at various wavelengths of incident light, optical bandpass filters are placed between the samples and a white-light source (Fig. 2) where h is the Planck constant, c is the speed of light, and l is the wavelength of light, I L is the intensity of light, and r is the radius of the disk-shaped top contact, being 1 mm, and e is the electron charge. R f is the reflectance of the light off CdS/CIGS/Mo or CIGS/Mo, and shown in Fig. 3 . Eight optical bandpass filters were used, and their center wavelength (CWL) and full width half maximum (FWHM) are summarized in Table 1 . The measured values of R f , I L and i LP are also summarized in Table 1 . 
Experimental design, materials, and methods

Fabrication of CIGS test structures
The first CIGS test pattern was designed for photogenerated carriers to travel through both the CIGS and the CdS thin films (Fig. 2a) . It has a disk-shaped Al/Ni with a radius (r o ) of 1 mm on planar stacked CdS/CIGS/Mo. The second CIGS test pattern was designed for photogenerated carriers to be collected only through the CIGS film (Fig. 2b) . It is a CIGS/Mo planar stack with a disk-shaped Al/Ni/CdS top contact. The second CIGS test pattern was achieved by removing the CdS of the first CIGS pattern using wet chemical etching. Mo (1 mm) was prepared by DC-sputtering technique on a soda-lime glass, CIGS (2 mm) was prepared by three stage co-evaporation method, chemical bath deposition was employed to prepare CdS (60 nm), and Al (1 mm)/Ni (50 nm) was e-beam evaporated through a shadow mask with a disk-shaped hole. More details on the preparation methods can be found elsewhere [7] . 
Characterization of CIGS test structures
The reflectance of light off CdS/CIGS/Mo and CIGS/Mo planar stacks were measured using a UVeVisible spectrometer (UV-2600, Shimadzu) equipped with ISR-2600 Plus integrating sphere. Now, we describe the measurement of the lateral photocurrent values as a function of wavelength of light for the CIGS test patterns. The white-light was generated by a solar simulator (Model 11002 SunLite, Abet technologies). Narrow bandwidth light was generated by passing the white-light through optical bandpass filters. Wavelength of incident light was adjusted by placing an appropriate optical bandpass filter between the samples and the white-light source. The light intensities were measured using an optical power meter (S120VC, PM100USB, Thorlabs). The lateral photocurrents were measured at a short-circuit condition between Al and Mo using Keithley 2401 source meter.
